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Introduction
Setups are necessary to follow production processes of various products types. Typically, in production processes of different products, various tools and equipment are also used. Developing setup processes is even more important now when a product range in many companies is growing and, at the same time, the size of production series is reduced. Each setup consumes time and it doesn't add value to a product. That is why, each company should aim to reduce a setup time to a very small amount of time.
Unfortunately, the problem of machines setup improvement is not considered in many companies at all. The problem seems to be for them not important from the business point of view. The issues concerning a setup process are the domain of operators who do the setup in the best possible way they can. No one contests if a setup process doesn't influence the product and production process quality.
This paper presents the results of the study conducted in production companies where setups are realized. The results indicate that it is necessary to analyze why the companies don't undertake any improvement actions concerning setups. Two questions arise:
• How to convince companies that the setup development is important? • What to do during the setup process development?
The proposal of a setup analysis is presented in this work. Rules, methods and tools which can be used in such analysis are indicated. The case study, in which the proposed steps were implemented, is also shown on the basis of one work stand in a production company. For the reason data gathered in [1] were used.
The steps of the analysis are recommended to apply, particularly in small and medium companies which haven't made the setups development yet and which don't possess many financial resources on highly developed tools proposed in the literature.
Development of setup shortening concept
In the concept of Toyota Production System, which is well known and implemented in many factories, it is required to eliminate wastes in a company. Among others, the waste of time is specified. One of the biggest time consumers in a production line is a setup process, particularly when the production in small series or one piece production are mentioned. Each setup is waste because it doesn't add any value. Unfortunately, it is necessary to run production. The time consumed for a setup could be spent on production [2] . If the setup time is shorter the production line is more flexible, and a company can respond easier to the changing requirements of customers [3] . Companies really need to improve changeovers and this is one of the best manufacturing practices [4] .
The setup development can be done with the use of a well-known method called SMED. This method was developed by Shigeo Shingo in 1969. Then, he used the method for the first time to shorten a setup time of the press in Honsha, one of Toyota plants. Using this method brought unexpectedly good results in a form of a much shorter setup time. By the means of this method, Shigeo Shingo was able to increase productivity up to 40% in Heavy Industry in Hiroshima. The time of building a ship was shortened from 4 to 2 months [5] .
SMED is one of the lean manufacturing methods [6] . For many years the SMED method has been used with success. In the literature, many examples of good results can be found. For example, in the work [7] after implementing SMED the authors achieved the cost reduction equal to 2% of the company's sales volume.
Many examples of using the SMED method can be found in various industries e.g. in casting machines changeover [8] , in pharmaceutics industry [9] , in a metallurgical sector [10] , in the setup time reduction of a press used in the evaporator plates machining [11] . In the work [12] the percentage of the changeover time reduction in various industries is presented.
SMED can be used in reducing the changeover time by focusing on the maintenance activity [13] .
In the works [14, 15] the authors indicate that at the very stage of a tooling design one should think about a setup time. Van Goubergen and Van Landeghem, in their work, present rules for a better equipment design [14] . It is also necessary to remember about tooling regeneration in a maintenance process in order to keep everything ready to use in a setup [16] .
In the work [17] the author looks for the relation between SMED and the equipment design in the automotive industry using C pk analysis.
The concept of the SMED method was enriched by other methods and techniques such as FMEA method [18] or creative thinking techniques [19] . Van Goubergen developed SMED and supported a broadened methodology of TransMeth for Set-Up Reduction, which is based on changes [20] . Some authors recommend using computer systems. For example in the work [21] the authors propose to integrate SMED and MTM analysis to develop standard documents in MTM-UAS codes in order to sustain the results of SMED. Furthermore, in the work [22] the authors extended SMED by a computerized information system and they used computerized tools such as barcode readers or wireless terminals. A setup time is also important for a scheduling process [12] . It is possible to minimize a setup time using such a planning system which generates a right tasks sequence [23, 24] .
It can be concluded from the literature review that the necessity of setup reduction was recognized a long time ago. The SMED method is also well known in industry. SMED was enriched with different methods, techniques and computer systems. However, the question is: is it enough to encourage a company to use the SMED method for setup reduction and are the advanced methods proposed in the literature easy enough to use by small and medium companies.
In this paper, the author tries to answer the question of what kind of analysis the companies will be willing to use in the Polish environment.
On the basis of the literature review, it can be said that definitely many companies have implemented SMED and have performed various activities to improve a setup process. However, as the author's experience shows, many Polish companies do nothing to improve a setup process. That is why, in the first place, the surveys were conducted. They were done not to draw out conclusions concerning the whole population but only to recognize the problem.
Survey in companies

Necessity of survey
For years it has been known that a setup process is important especially for production flexibility. For many years companies have taken actions to decrease a setup time. The issue concerning the setup process seems to be well recognized, thus each company can take improvement actions. What's more, the SMED method exists and describes step by step what to do to decrease a setup time. However, according the author, there are companies which do nothing about the setups improvement. They don't conduct any analyses and they sometimes don't even register the setup times or they don't use the information about the setup time in a planning process. The goal of the survey was to answer the question if these assumptions are correct as well as to obtain the data for a further analysis.
Goal and research methodology
The goal of the survey was to receive information about the setup processes realization in companies. To obtain the goal the survey was conducted. It was addressed to operators from 88 randomly chosen companies from the Podkarpacie region in Poland, They were asked to answer questions concerning a setup process. The questionnaires were given to them personally or sent by e-mail. 29 operators gave back the fulfilled questionnaires. That covers 32.95%.
The questionnaire consists of 10 questions concerning the following issues: Setup rate, Setup time, Accessibility of devices and tools necessary for performing a setup, Source of operator's knowledge about a setup process, Repeatability of a setup process, Setup standardization, Setup matrix, Standard time for a setup, Setup process improvement.
The percentage of the companies that participated in the survey, in respect of their size, is as follows: micro -8%, small -25%, medium -39% and large -28%. All these companies possess production machines (manual, semi-automatic or CNC machines) which need changeovers.
Research hypothesis
Before the survey started, the following assumption was made:
Undertaking actions concerning the setup process improvement depends on how often the setup is realized and how much time it takes (formula (1)),
where y1 -undertaking improvement actions concerning a setup, x1 -a setup rate, x2 -average time of a setup. It seems obvious that if setups take much time, or if they are frequent, the companies will take whichever actions to decrease the setup time.
On the basis of the data gathered in the survey, the author wanted to confirm or to reject the assumption.
Survey results and data analysis
The survey results are presented in Figs. 1-8 . Based on the survey results, it can be said that in 44% of the cases at least a few setups a day are realized ( Fig. 1) . Additionally, there are setups which last for more than one hour (Fig. 2) . In 33% of the cases an operator, in order to carry out a setup, has to bring to the work stand from one or more other places the needed devices and tools (Fig. 3) . In 50% of the cases an operator realizes the same type of setups according to the settled rules and, only in 27% of the cases, an operator follows a procedure in a setup process (Fig. 4) . In 50% of cases an operator performs the setup process in the way more convenient for him without any settled rules. The setup procedure is available only in 53% of the cases (Fig. 5) . Moreover, only in 25% of the cases a setup matrix exists (Fig. 6 ). In 31% of the questionnaires the operators answered that time standards for setup processes are established (Fig. 7) . Besides, only in 33% of the cases some improvement actions are taken in order to reduce the setup time (Fig. 8 ). These are done by a setup process analysis, workshops or the SMED method implementation.
In a few cases 'I don't know' answers appeared. They regarded the questions concerning the setup process standardization, a setup matrix and improvement actions. That could mean that the operators are not informed properly about the rules and procedures existing in the company, and they are probably neither involved in improvement actions nor informed about them.
Statistical analyses were made with the obtained results in order to assess the correctness of a formulated hypothesis. Chi 2 test was made. On the basis of the obtained P -value, the influence (+) or the lack of influence (−) were identified. In Table 1 the results of the analysis are presented. Table 1 The results of the assessment of a setup rate and average time of setups influence on undertaking improving actions concerning a setup process. On the basis of Table 1 it can be concluded that in the surveyed companies the average time of a set- up process and a rate of setups have no significant influence on the decision making about undertaking improving actions concerning a setup process.
It means that other factors exist and have impact on the decision. These factors were not identified in the survey.
Conclusions from the survey
None of the factors, which were primarily recognized as having significant influence on the fact of undertaking actions concerning the setup process improvement, are really significant. It means that either the number of setups or the setup time don't have influence on the decision about taking the setup improvement actions. It indicates that other factors must influence such a decision.
These possibly are:
• the level of the top management engagement in the improvement process in the company, • the level of employees' engagement in the improvement process in the company, • the incentive system encouraging employees to take improvement actions, • financial resources assigned to the improvement process, • the lack of knowledge concerning the methodology of a setup analysis in the company.
On the basis of the conducted survey, it can be said that 47% of the studied companies have never taken any actions concerning the setup time reduction.
One of the reasons for this situation can be the lack of the top management conviction about advantages which the improvement of a setup process could bring. Another reason can be the lack of knowledge about the setup analysis methodology as well as of the possibilities of a setup process shortening. Although the SMED method has been known for many years, there are still companies which don't know this method. For this reason, it is justified to present the methodology of conducting a setup analysis together with indicating the rules, methods and tools which can help to conduct such an analysis. In this work, such a methodology is proposed. Furthermore, it is implemented in a production company in the setup processes analyzing.
Proposed methodology for setup analysis
In many cases companies don't take any improvement actions in order to reduce the setup time, not only because they don't know the SMED method but also because they are not convinced that it is a problem worth dealing with. That is why, the author proposes to conduct an analysis to obtain the data which can convince the management to start the setup improvement. Managers sometimes think that it is a loss of time to analyze setups. They force people to work faster or longer to carry out tasks in the settled time while they should think how to eliminate a waste of time.
In this paper, the author proposes to use certain rules, methods and tools in the analysis of setup processes. The proposed methodology is easy to implement in any company. The tree of a setup analysis is presented in Fig. 9 , and the steps for the identification and elimination of waste in Table 2 . The final goal of such an analysis should be the identification and elimination of waste as well as the improvement of a setup process. First of all, in order to convince the management to start a setup process improvement, the data should be gathered and analyzed. That is why, based on the data, the most important setups for time saving should be analyzed. Table 2 Proposal of steps for identification and elimination of waste in a setup process.
Step Step
Identifying work stands with setups and choosing a work stand to analyze
This step concerns data gathering. In this step such a tool as a pictogram can be used. The pictogram (Fig. 10) can be used to present the information concerning a number of work stands, symbols of setups and the flow of tools used in various setups.
After that, one machine should be chosen in order to carry out the further analysis. We can also conduct Pareto-Lorenz analysis to identify the longest or the most frequent setups assuming that such data already exist in the company. Step 2. Observation and analysis of work on a certain work stand
In the second step we conduct a detailed analysis of the activities performed on the chosen work stand. We can use 5 x Why? analysis to do it. During the analysis various questions are asked. They concern the purpose of the work stand, the location of the work stand, the sequences realized on this work stand, people working on the work stand and the means used at work. The analysis can help to identify and understand general problems on the work stand as well as to help in the further analysis.
Step 3. Gathering data concerning setups on the work stand This step concerns gathering the detailed data on the setups realized on the chosen work stand, such as: types of setups or setups duration. In order to gather the data, control sheets can be used as well as the time study can be done.
Step 4. General analysis of all setups and choosing the first setup to analyze
To analyze the gathered data, the following analyses can be used: Pareto-Lorenz analysis, Histogram, Bar chart, Statistical analysis, Dotplot, Boxplot.
Step 5. Analysis of a chosen setup In the fifth step we perform the SMED analysis of the chosen setup. Such an analysis can be done later for other setups as well. In this step we have to remember about team work. Operators working on a work stand have to be also the members of a team to achieve better results of the analysis and to ensure that the rules and procedures settled during the analysis will be accepted and followed by the operators in the future. During the analysis we can also use the following tools: Spaghetti diagram, Brainstorming, Benchmarking, Visualization, 5S.
Step 6. Risk analysis During the setup process both the accessibility of procedures and the accessibility of the necessary tools and equipment are important to perform the setup in a settled time. A setup longer than planned can cause various problems that the company would like to prevent. That is why, in order to assess the risk of problems with setups, the author suggests using the assessment criteria presented in Tables 3-5 . Risk can be calculated with the formula (2)
where F -error frequency, M -error meaning for a setup time, P -probability of finding a problem before the setup starts. Table 4 Criteria of error meaning for the setup time (M ).
Error influence on the setup time M Error has no influence on the setup time Setup time will not be longer 1
Error has a little influence on the setup time Setup time will be longer but it will not have any influence on production
2-3
Error has noticeable influence on the setup time Setup time will be longer and it will have noticeable influence on production
4-6
Error has great influence on the setup time Setup time will be longer and that can cause problems with production planning and its realization
7-8
Error has very high influence on the setup time Setup time will be longer and there is a high risk of delay of product delivery to a customer 9-10 Table 5 Probability of discovering a problem before the setup starts (P ).
Detectability
Probability of discovering a problem P Very high Problem can be easily discovered before the setup starts 1-2 High Problem can be discovered before the setup starts but it can be too late to prevent a slight delay 3-4 Average Problem can be discovered before the setup starts but it can be too late to prevent a delay 5-6 Low Probability of discovering problem before the setup starts is almost impossible 7-8
Very low Problem can be discovered only during the setup 9-10
The risk analysis can indicate such steps of a setup which can cause the risk of extending the setup time, and what in consequence, can influence the production plan realization and so on. The results of a risk analysis can be used in the next step of the proposed methodology.
Step 7. Setup standardization Setup standardization is done to ensure repeatability of setups. Steps, tools, materials and etc., needed in a setup and specified in the setup procedure, can help to avoid problems during the setup process. The setup time has to be long enough to perform a setup without rushing that could cause mistakes. All the necessary data have to be mentioned in the procedure or delivered to be available during a setup. All the necessary tools and equipment should be indicated in the procedure and be prepared to use in a setup process. Operators need to be trained and be aware of the necessity of performing a setup solely according to the procedure.
Use of the proposed methodology in the analysis of CNC turning lathe setups
Characteristics of a machine and a work stand
The proposed methodology is implemented into the setups analysis in a company which has a machining department with 16 machines. It is worth to emphasize that this company has never improved setups before and has never done any setup analysis. The setup time was settled on the basis of the three previous setups.
To perform the analysis a CNC turning lathe was chosen. This machine was one of 16 machines found in the machining department. Each machine needed a changeover. The CNC turning lathe was chosen because of the biggest number of changeovers, which were realized on the machine (Step 1).
A work stand on which the machine is placed consists of a machine, table, tooling cabinet and shelving with devices which are used in some production operations.
A work stand is equipped, among other things, with an electronic slide caliper, electronic deep gauge, and if necessary, an operator brings other devices and tools to perform a certain production operation.
Review of tasks performance on the work stand
To identify the activities realized on the work stand 5 x Why? method was used (Step 2). The method was used during a conversation with the machine operator who answered the questions presented in Table 6 . The table also includes the operator's answers. On the basis of the presented analysis, it can be said that an operator performs all activities concerning a setup process when the machine stops. That is why, the setup process should be analyzed carefully within the setup time because it doesn't add value to the product.
Gathering and analyzing the data concerning setups on a CNC turning lathe
Various types of setups are made on the analyzed CNC turning machine. First of all, the types of setups were identified. In order to do it, the data concerning setups on the analyzed CNC turning machine were registered within a month. A control sheet was prepared. The following information was registered on the control sheet: a setup date, a type of a setup, planed setup time, real setup time (Step 3).
In the Step 4 the gathered data were analyzed and the results are presented in Figs. 11-20 . In Fig. 11 a run chart of the setups performed within one month on a CNC turning machine is presented. The total time of the changeovers was 1 330 min (22 hours 10 minutes). During this month various types of setups were realized. In Fig. 12 one can see the rate of the certain setup types and the total real setup time for each type of the setups. Figure 13 presents the real setup time for each type of the setups. It can be seen that the same kind of a setup sometimes took more and sometimes less time. The times of setups were planned. In a planning process setup the time was calculated on the basis of three last setups. Figure 14 presents a comparison of the planned and the real setup time for all the setups from one month. In Fig. 14 one can see that the real setup time was 13 times longer or 9 times shorter than planned. It means that the setup time planning process is not effective.
From Figs. 15 and 16 , which present the real and planned setup time, it can be concluded that the most common duration of the planned and real setup time was 60 min. Four operators worked on the analyzed work stand. In Figs. 17-20 the analysis concerning the type of setups and operators (161 and 238) is presented. There is no repeatability for operators. Most often the setup was realized by the operator 238 -that is 16 times. The setup was realized 14 times by the operator 161 and only 6 times by the operator 165. For the type C and B setups Chi 2 analyses were made. The hypothesis was formulated as follows: There is no difference in the setup time between operators.
In both cases P-value = 0, what means that an operator has influence on the setup time.
On the basis of the analysis the following conclusions can be drawn:
• There is no standard time for each setup type. The setup time is planned based on the information on the duration of the three last setup times.
• The real setup time is different from the planned setup time.
• The longest setup time was registered for the setup type C and it took 110 min.
• The setups type C were realized most often -13 times.
The following reasons determine the implementation of the setup improvements: 1. There are difficulties with a setup planning process. 2. The setup time depends on an operator's efficiency and engagement. 3. There isn't one standard for each setup process. 4. The total setup time on the analyzed machine covers 22 hours 10 minutes. Knowing that for machining one product 7 minutes is needed, this means that in the time dedicated for setups additional 190 products could be machined. These reasons convinced the management to introduce the SMED method. 
Observation of a changeover process and identification of internal and external activities
On the basis of the analysis and the conclusions, the setup type C was chosen for the following analysis (step 5). The setup process was carried out on a CNC turning machine and it was recorded with a video camera. That helped to conduct a thorough analysis of the process.
According to the SMED method steps, first, the setup process was observed and next, the activities in the process were identified. After that, the activities were divided into three groups: external, internal and unnecessary. Part of the observation and analysis results are presented in Table 7 . In the table, the activities which can be external and which have to be internal are indicated.
The setup time took 1 hour 12 minutes and 4 seconds. On the basis of the information from Table 7 , it can be said that there is a possibility to shorten the setup time by excluding external activities from the setup process. It could save 3 min 37 s. The unnecessary activities weren't identified. 
Suggestions for technical and organizational improvements
The setup process consists of 32 activities. Six of them were related to transport of tools and they took 3 min 37 s. These activities can be done before the setup process starts. In order to improve the setup process, a transport box with a set of tools for this type of a changeover was prepared. Besides, an extra set of screws for jaws was bought. It helped to save 7 min 3 s. Additionally, a set of simple gauge was prepared and marked as assigned to certain tools. That facilitated checking the correctness of tool clamping. It saved 8 min 10 s.
FMEA analysis of risk
After the setup process analysis and after the elimination of some external activities, a risk analysis for the remaining activities was done (step 6). In the analysis the assessment criteria presented in Tables 3-5 were used. The results of the risk analysis are presented in Table 8 . Based on the analysis, we can conclude that it is necessary to focus on the data which are loaded by operators during a setup process because the wrong data can cause problems on several steps of a setup process.
In order to prevent an operator's mistakes, it should be carefully analyzed what kind of data should be included in a setup procedure. Operators' training has to be also emphasized as well as the fact that an operator should be informed about the possible consequences of the wrong data loading. Simultaneously, the time long enough for a setup process has to be ensured so that no pressure is put on an operator.
Setup process standardization
To ensure that the setup process will be done in the same manner each time, the standard setup procedure was prepared (step 7). The procedure is accessible on the work stand. Implementing the procedure eliminates the activities related to the tools measurement as the relevant data are included in the procedure.
Evaluation of SMED efficiency
All proposals were put into practice at minimum cost. After that, the second analysis was made. Some of the identified activities as well as their duration are presented in Table 9 . The setup time after SMED equals 44 min 55 s. Thus, the standard time for the setup type C can be 45 min.
In order to evaluate the SMED method used during the changeover process, Spaghetti diagram was made. In the diagram the operator's movements are presented (Fig. 21) . Additionally, the operator's movements were registered with a pedometer.
During the changeover the operator walked 110 meters what prolonged the setup process. Figure 22 presents the operator's movements after the SMED analysis.
After SMED only one walk remained. It was a walk to the product quality control work stand. This can't be excluded or done on the work stand. The effects of SMED are presented in Table 10 . In addition, other indicators (3), (4) and (5) were calculated in order to assess the efficiency [25] :
a. EPZ -efficiency of the transformation of internal activities into external activities (3), where: T wtime of internal activities (setup time after SMED), T ut -saving the time of internal activities
related to improvements, T z -time of external activities. b. EUT -efficiency of improvements (4)
c. CESMED -overall efficiency of the SMED method (5) CESAMED = T w T w + T ut + T z = EP Z · EU T.
For the analyzed setup process, where T w = 44 min 55 sec = 2 695 s, T ut = 9 min 38 sec = 578 s and T z = 3 min 37 sec = 217 s, the indicators equal: EPZ = 0.94, EUT = 0.82 and CESMED = 0.77.
The lower EPZ the better, because it means that the majority of internal activities were transformed into external activities. The similar situation is for EUZ. The lower EUZ the better, because it means that the introduced improvements decreased the time of internal activities. The obtained results are not impressive, although almost 38% of the setup time is saved.
Conclusions
The methodology of a setup analysis, proposed in this paper, is primarily dedicated to the companies which are not sure if they have problems with setup processes. Since the problem is not discovered no one is willing to undertake any action.
The conducted survey shows that there are companies which do nothing to decrease the setup time. The results of the survey also prove that neither the setup frequency nor the average setup time encourage to undertake improvement actions in order to decrease setup time. During the data analysis it was discovered that the setup frequency has an impact on the setup time. On the other hand, neither the source of an operator's knowledge about the setup process nor the standards have significant influence on the setup time. The setup time depends on the SMED method efficiency and on transforming internal activities into external activities. Moreover, technical and organizational improvements can decrease the setup time to a great extent.
The proposed methodology was validated in a production company. The results of the analysis convinced the management to implement the SMED method. The SMED analysis gave almost 38%-setup -time-saving.
FMEA analysis showed the steps of a setup process, those which are connected to a higher risk. The results of the risk analysis were taken into consideration during the preparation of the setup procedure. 
